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ABSTRACT 


An  Investigative  study  was  nado  of  the  state-of-the-art  of  sand  and 
dust  environmental  testing.  Field  and  laboratory  otudiee  were  conducted 
in  order  to  obtain  sufficient  realistic  data  concerning  the  oond  and  duot 
environments  for  use  as  guidance  in  preparation  of  Military  Standards  for 
Sand  and  Dust  Environmental  Testing  which  simulates  the  degradation  and/or 
damage  done  by  blowing  oand  or  sand  and  dust  in  a  desert  environment . 

Due  to  the  lack  of  sufficiently  severe  wind  storms  in  the  toot  areao 
chose..,  information  collected  over  a  two  year  period  failed  to  provide  all 
of  the  field  data  required.  The  laboratory  data  obtained  using  existing 
Sand  and  Dust  test  chambers  were  not  able  to  supply  all  of  the  anowero 
needed.  A  new  type  of  toot  ch- ...her  has  been  designed  for  thio  purpooe, 
which  when  installed,  will  be  used  for  continuation  of  the  experimental 
investigations . 

This  report  recommends  that  two  test  procedures  be  ootabliohod;  one 
for  ,rBuot  (Fine  Sand)”  covering  the  10  to  150  micron  oizc  range,  and  the 
other  for  •'Sand”  covering  the  150  to  800  nicron  oizo  range.  Soma  roccm- 
sendationo  for  iacluolon  in  the  "Bust  (Fine  Sand)"  MIL-STD  aro  presented 
in  thio  report.  RecoEmondatione  for  the  "Sund”  MIL-STD  cannot  be  made 
until  after  ad#Y$ional  data  is  acquired  utilising  the  now  daoign  sand 
test  chamber.  1  \ 

\ 
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OBJECT 

The  objectives  of  the  program  are, 

1.  To  collate  and  analyze  existing  data  cn  aliborne  sand  and 
duot,  up  to  eight  feet  above  the  ground,  tc  collect  additional  data  to 
bridge  the  gaps  thuo  unearthed,  and  to  investigate  comb lnationo  of  varying 
factors  such  as  velocity,  particle  olz.e,  temperature  and  density,  In  order 
to  determine  tease  whica  are  most  pertinent  and  eliminate  insignificant 
variables  in  current  sand  and  dust  test  procedures,  for  standardization 
purposed . 


2,  To  prepare  a  new  sand  test  opacification  'MIL-STD)  for  use 
by  the  Department  cf  Dofonss  'DOD';  ,  for  ground  equipment. 

3.  Based  on  the  resulto  of  findings  of  this  program,  if  warrantod, 
to  propose  a  revision  cf  existing  MIL-STD  testing  procedures  for  penetration 
type  Duot  {Pine  Sand',  teoto,  for  vehicle-mounted  and  airborne  equipment,  In 
lieu  of  the  present  Sand  &  Dust  (S&D*  Teot. 


1 


SAND  AND  DUST  TESTING  -  BACKGROUND  INFORMATION 

Over  the  years  the  potential  damage  done  by  sand  and  duot  hao  been 
evaluated  m  many  ways  „  surface  ertsion,  scauriug,  Interference  with 
moving  parts,  penetration,  blockage  of  pores  and  openings,  and  the  fouling 
of  electrical  contacts.  Each  has  been  used  as  the  baoio  for  establishing 
a  given  test,  and  several  general  and  many  detail  OGnd  and  dust  tooto  are 
in  existence.  As  many  of  these  as  are  known  to  be  different,  and  appropoo 
to  military  materiel,  will  be  discussed  below. 

In  1959  the  Ordnance  Corps,  now  part  of  the  Army  Materiel  Command, 
woo  assigned  the  Army  responsibility  for  preparing  a  new  Military  Standard 
fer  Sand  and  Dust  testing  of  military  mteriol.  To  comply  with  the  soveral 
program  objectives,  soveral  phaoos  were  to  bo  investigated  by  Prankford 
Arsenal  (PA),  Hhito  Sands  Missile  Range  (WSMR) ,  and  c  contractor,  The 
Southwest  Eeeoarch  Institute  (SwSI) .  PA  had  and  still  hao  the  responsibility 
for  c'ordinatiag  tha  overall  investigation.  NSMR  had  tho  responsibility 
for  coordinating  the  technical  aspects  of  the  program,  but  since  the  re¬ 
organisation  cf  tho  Department  of  tho  Army,  in  October  1962,  with  now 
assignments  for  H3MR  (and  less  of  thoir  key  man  on  this  program),  FA  has 
also  assumed  the  ropparraibility  for  coordinating  tho  technical  phasos  of 
tb.io  program,  and  for  c:mpleting  it. 

A  cvaplete  review  of  existing  epecificatlcns  and  standards  dealing 
with  SAD  testing  appeared  t:  be  the  natural  starting  place  for  this  project. 
This  review  ha*  been  rao*t  ec  lightening  —  and  discouraging. 
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SPECIFICATIONS  -  GENERAL  OBSERVATIONS 

Specifications  fall  into  two  general  categories: 

The  first  type  is  generally  referred  tc  as  a  "detail"  specification, 
and  relates  to  the  procurement  and  testing  of  a  specific  item.  Those  who 
initially  prepare  them,  spell  out  the  details  of  the  tests  which  they 
believe  will,  if  successfully  surmounted,  assure  the  successful  longevity 
and  utility  of  the  item  under  ail  intended  storage  and  use  conditions. 

The  detail  specification  may  spell  cut  every  test  step,  or  it  may  refer¬ 
ence  a  "general"  specification  or  standard,  which  is  to  be  followed  as 
written,  or  as  specially  modified.  The  detail  specification  normally 
spells  out  the  goals  cr  test  results  required. 

The  "general"  specification  may  take  many  forms,  such  as  the  World 
War  II  Joint  Army-Navy  (JAN)  Specification-  Military  Specifications, 
Military  Standards,  Federal  Standards,  and  standards  produced  by  and 
for  the  use  of  one  branch  or  service.  Ncrmally  a  general  specification 
will  cover  all  types  of  environmental  tests  for  one  complete  class  of 
materiel,  or  it  may  cover  only  one  specific  type  of  test,  in  complete 
detail. 
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CURRENT  ENVIRONMENTAL  SAND  A  DUST  TESTING  SPECIFICATIONS 


In  dealing  with  any  teat  specification  ox  testing  standard,  we  must 
first,  ask  ourselves  what  it  is  we  hope  f  accomplish  by  Its  use.  Are  we 
attempting  to  simulate  ai  exact  duplication  of  a  natural  environment? 

Or,  are  we  attempting  to  accelerate  the  piece* 3  of  degradatlcn  caused  by 
s  natural  environment?  In  ether  w:rd*.  what  is  the  purpesa  or  goal  of 
our  tests? 

In  the  mitd  of  the  engineer  ^r  '•ecbnir.iart  vhc  prepares  su^h  a 

specification  or  atandard,  a  goal  muat  exist.  It  may  be  specifically 
formulated  and  take  into  cc neideratirn  many  varying  factor*  and  combinations 
of  factors.  On  the  ether  hand,  sinefc  rne  cannot  be  an  expert  in  all  fields, 
and  the  test  preparer  may  not  recognize  the  need  of  testing  expertise 
which  may  lie  in  another  organizational  area,  he  may  prepare  a  specification 
which  1«  it. 'tap lets  cr  even  valueless,  or  e  specification  which  accomplishes 
only  one  or  twe  c f  the  above-listed  gcals.  Ke  may  not  even  realise  that 
other  teetlug  alternative*  exist  to  the  cnee  which  he  spells  cut. 

gome  tests,  end  even  standard*,  have  been  approved,  end  have  reached 
the  test  engineer  couched  it.  such  terms  as  to  be  impossible  to  conduct, 
to  be  t:c  severs,  cr  he  be  so  mi*d  as  t>  never  pi  educe  meaningful  results 
for  the  particular  item  to  which  it  i*  applied. 

Specifications  and  tests  which  have  been  valid  in  cue  field,  have 
often  been  borrowed  intact,  or  referenced,  in  an  entirely  different 
application  where  their  use  is  invalid,  invalid  p'saifclv  because  the  true 
aim  of  the  borrower  requires  a  different  :bjectiv«  cr  approach  than  that 
which  frrmei  the  basis  for  the  original  ap-  If l cation. 

Changing  a  specific at.±  'n  or  atandard  la  diffl.ult.  Once  a  document 
is  approved  and  in  print,  it  seo-ms  t  take  on  "ebariematir  authority", 
which  even  the  experts  hesitate  to  jua^tico.  Possibly  they  are  afraid 
of  "stepping  on  the  t:«s"  of  tie  sped iicatlcn'e  unknown  originator,  in 
another  branch  of  the  service.  It  seems  to  be  easier  and  the  na^h  of 
least  resistance,  that  when,  an  existing  specification  is  recognized  as 
invalid,  t >  "waive"  or  ignite  it.  This  may  be  easily  justified  to  one's 
superiors,  by  merely  "prjving"  that  no  aNAai  test  can  be  readily  located. 

The  waiver  may  continue  to  be  perpetuated  to  a  point  where  no  one  recalls 
why  or  when  it  started,  and  the  tee t  engineer  hears  hl»  customers  say: 

"We  never  bother  with  that  test  it  *il". 
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The  more  conscientious  engineer,  recognizing  the  Invalidity  of  e 
given  test,  may  merely  write  his  own,  for  local  use,  and  without  Inter- 
service  coordination.  This  may  or  may  not  be  acre  valid  than  the  one 
he  desires  to  circumscribe. 

Often  when  a  test  procedure  1 a  believed,  and  the  item  falls  to 
comply  with  the  test  engineer's  Interpretation  of  the  test  specifications, 
che  vendor  or  customer  will  indignantly  attack  the  validity  of  the  tests, 
and  request  a  «aive~. 

It  is  easy  to  criticize,  logically,  empirically,  or  from  an  engineering 
point  of  view,  and  much  disagreement  appears  as  tc  the  interpretation  of 
the  results  of  certain  environmental  teste.  The  smount  of  disagreement 
varies  with  the  goal  that  the  person  criticizing  has  in  mind,  and  with 
his  own  experience  ir.  that  field. 

Before  considering  the  natural  environment  of  sand  and  duet,  let  us 
examine  in  detail  soma  of  the  existing  simulated  test  specifications  in 
that  area. 

MIL-D-13370 

MIL-D-13570  '3rd),  Military  Specification,  Dust,  Testing  by 
Exp  sure  to.  (Ref  a.  Appendix  I),  is  the  only  general  Ordnance  specifi¬ 
cation  in  this  field.  It  is  dated  1954,  replacing  a  World  War  II  Army 
Specification  dat'd  .544.  The  key  point,  of  this  specification  is  it* 
requirement  f:r  the  u»>.  ■‘f  ten  pounds  of  dust  for  every  27  cubic  feet 
of  chamber  epace,  t\~  •  hernia  el  ccmpcsitl.  r  end  particle  size  dispersion 
of  this  dust  is  given,  tut  r..t  Its  source.  A  later  paragraph  in  the 
spa- ifi?  eti  .n  (fe.2)  refer  ?  the  reader,  viz.  '*Tsst  apparatus  and  conditions 
are  comparable  t»  that  specified  f;i  tlt'fical  c  mp/nenta  by  S.A.E.". 

S.A.E.  is  an  al  brevis  ti.cn  fez  the  Society  of  Automotive  Engineers, 
and  the  only  '.lit leg  »*  "d  .at"  cr  "sana  and  du*t"  in  the  index  of  their 
handbook  is  to  "ligr.ring  Equipment  fox  Meter  Vehicles "  SAE  J575,  a  standard 
first  approved  In  May  l*4i,  *r.d  brought  op  t>  date  n  June  1961  with  only 
minor  editorial  changes  {Re.f  (t ) ,  and  Apperdix  ID-  Ihis  call*  for  test¬ 
ing  in  a  3  feet  by  3  feet  box,  using  ten  p. unde  f  fins  powdered  cernnt. 

In  a  test  designed  t>  determine  whether  the  light  frem  e  vehicle  lamp  ia 
diminished  by  dust  (sic.  powdered  cement)  adhering  to  its  surface.  The 
cement,  according  t:  tb> ir  referenced  American  Society  for  Testing 
Materials  (ASTM)  specif!  catl  :r.  (Ref  d>  d  not  chemically  romp ly  with 
that,  called  rut  by  MIL-D- 135 70 .  One  may  well  speculate  at  this  point 
as  to  how  many  test  engineers  and  designer?  :v?r  the  years,  have  traced 
this  specification  back  this  far,  noted  thr-.c  .-Us  e  v-tr  .  ies ,  shrugged 
their  shoulders,  and  left  it  alone,  hail:wvd  ir.d  unt.u^hedj 
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Another  SAX  specification  spells  out  e  dust  used  end  distributed 
by  A.  C.  Spark  Plug  Co. ,  in  Michigan.  After  some  research  this  was  located 
under  the  title  of  "Air  Cleaner  Test  Code  -  SAB  J726"  (Ref  c  and  Appendix 
III).  Here  the  dust  size  distribution  and  chemical  composition  natch  our 
specification,,  and  its  Conner  cial  source  Is  listed  as  A.  C.  Spark  Plug 
Company.  Its  distribution  in  that  test,  however,  Is  only  0.025  g/cu.  ft. 
of  air,  which  the  filter  is  supposed  to  remove  at  &  single  pass. 

One  nay  new  safely  surmise  that  MIL- 0-13 5 70,  far  fron  being 
kal lowed,  Is  the  illegitimate  offspring  of  both  zf  these  SAE  specifications, 
and  we  nay  further  question  whether  the  entwined  segnents  of  each  which  wa 
have  to  work  with  are  capable  of  proving  anything  of  value.  This  speci¬ 
fication  baa  net  baas,  used  In  Frank  fur  d  Arsenal  It  at  least  tha  paat 
decade,  although  It  is  referenced  W  MIL-A-13488B  (Ord)  (Ref  e) ,  and  nay 
ba  uaad  by  ether  ins tallaflont . 

MIL- C- 3436A  (ABO 

MII-C-3436 A  (ASS),  Military  Specification,  Chanber,  Sand  and 
Duat  Tasting  (Ref.  f,  Appendix  IV),  appears  to  have  made  lta  first 
appearance  in  1354.  It  will  be  shewn  below  that  it  was  not  quoted  in 
several  CSAF  specifications  issued  subsequent  to  that  veer.  It  is  the 
only  fornal  chanter  design  specification  which  can  be  located,  end  re¬ 
quires  that  the  chanter  be  capable  :f  producing  the  cycles  spelled  out 
in  MIL-1-5272.  He  specific  mention  is  nsde  of  the'  chanber  complying 
with  the  humidity  requirements  cf  MIL-E-5271.  but  that  i»  implied. 

To  provide  the  various  detailed  requirement*  -t  MIL-E-5272, 
this  specification  skruld  be  met*  detailed  then  the  form  in  which  it 
currently  appears. 


MIL-E-52  72 


Many  specifications  bear  the  instruct!': ns  that  its  latest 
edition  supersedes  all  of  its  earlier  ones,  although  they  remain  in 
effect  tt-  c.:ver  pr.c cureaeot  rf  previously  designed  items  or  materiel. 

MIL-E-5272,  Environmental  Testing  f  Aeronautical  and  Associated 
Equipment,  primarily  an  Air  Force  Specification,  baa  gone  through  three 
revisions  (References  g,  h,  i,  Appendices  Vr  VI,  VII),  in  each  of  which 
there  have  been  changes  in  the  Sand  and  Dust  procedures. 
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The  chemical  composition  of  this  sand  and  duat  and  Ita  particulate 
else  distribution  haa  remained  consistent.  Although  a  source  Isn't  listed, 
It  la  wall  known  and  readily  available 

What  has  varied,  through  the  revisions,  have  been  the  densities, 
velocities,  and  duration  of  exposure,  which  will  be  discussed  in  detail 
further  on  in  this  reper t,  Relative  humidity  requirements  have  remained 
constant  throughout. 

Although  the  "!*'  revision  of  MIL-E-52  HI  was  issued  in  1957,  after 
MIL- C- 94 36,  no  specific  test  chafer  design  is  mentioned.  The  "C"  revision, 
dated  1959  does  reference  the  chanber  specification,  but  require#  thet  the 
chenber  he  vented  to  the  atmosphere.  Without  going  into  a  technical  dis¬ 
cuss  ion  at  this  point,  it  is  sufficient  to  say  that  a  chasbar  vantad  to  the 
atmosphere  cannot  maintain  a  cess  ten.,  relative  humidity,  without  a  vary 
slab  orate  and  expensive  generating  method  and  control  system.  Thus,  tinea 
1959  it  haa  bean  technically  impractical  to  comply  exactly  with  sand  and 
dust  taste  In  the  M1L-E-5272  aeries. 

Since  there  is  evidence  that  neither  the  "B"  nor  "C"  revision# 
were  approved  by  tht  Department  of  the  Army,  there  may  be  e  question  as 
tc  which  specification  m  been  valid  all  these  years  for  DOD  use.  In 
ea  much  as  MIL-E-5272  has  been  cue  of  the  prime  #  tender  da  used  for  Ordnance 
Sand  end  Dust  testing,  and  the  meet  frequently  referenced  of  all  environ¬ 
mental  testing  d?  •  omenta there  may  be  e  question  as  to  whether  a  design 
engineer  wt :  quoted  a  Sand  and  Dust  test  from  tie  "latest  revision"  of 
MIL-E-5172  we#  wio»  in  doing  ♦ >. 

the  Air  doite  he*  apparently  abandoned  the  M2L-I“5*72  series*, 

but  since  th*r*  1#  nc  specific  notice  to  that  effect,  the  unsuspecting 
designer  or  pt  -  u.r -»m*nc  perscnr.el  may  still  qu>t*  it.  f  eir  new  speci- 
fl cation,  MIL-S2D-6iw,  Method  SIC,  Sand  and  Lust.,  continue#  to  modify 
the  b es lc  te^t  requlrweent*  of  the  MIL-E-52/ 2  series,  eliminates  the 
chenber  vent! let  1  <-■&  and  lists  a  source  for  the  standard  dust. 


♦Note;  MIL-E-52 71  has  been  superseded  by  MIL-SIX- 810  (USAT. ,  Military 
Standards  for  Aerospace  ar.d  ground  Equipment,  Ref  J,  Appendix  VIII. 
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MIL-1-4970 


The  send  end  dust  test  in  MIL-E-4970  (USAF)  Environments I  Testing 
of  Ground  Support  Equipment  'Ref  k)  is  still  extent,  and  is  the  same  aa  MIL¬ 
E-5272. 

Federal  Test  Method  Standard  Mo.  141 

Method  6191  :i  this  standard,  Afcrasici  Resistance  (Falling  Sand) 

(Rt 1  ')■  an  entirely  different  type  of  test,  designed  only  to  Measure 
the  amount  of  abrasion  caused  by  sand  falling  upon  a  painted  surface  from 
a  known  height.  Its  sand  is  specified,  and  a  source  for  the  sand  is  given. 
The  equipment  used  is  spelled  cut  in  detail,  and  may  be  construed  easily 
and  inexpensively  by  any  laboratory. 

MIL-E-5400F  (ASJ) 

This  specification:  Electronic  Equipment,  Aircraft,  General 
Specification  for,  (Raf  m),  has  a  simple  three-line  paragraph  appropos 
to  this  topic: 

3.2.21.7  Sand  &  Dual  -  The  equipment  shall  withstand,  in 
both  an  operating  and  ten-operating  condition,  exposure  tc  sand  and  dust 
particles  as  encountered  in  desert  areas. 

Within  environmental  testing  circles  a  great  deal  of  discussion 
has  gone  into  the  interpretation  of  this  statement,  and  many  research  pro¬ 
grams  have  sc  far  n  t  provided  an  exact  answer  a*  tc  what  we  are  to  simulate, 
how  to  do  It,  and  \:v  r.he  results  should  te  Interpreted  after  the  testing 
has  be*n  completed. 

There  are  two  additional  "Propcsed"  w  rth  mentioning 

at  this  point:  (a)  Military  Standard,  Sand  B;*t  test  f:r  use  in  the 
Development  c r  Fuzes  (Ref  n)  {MOTE  —  net  Sard  *rri  Dusu,  but  Sand  Dust), 
end  (b)  MiHr*rv  Standard,  Sand  &  Dla t  Tear  f  r  «*?.  in  ths  development 
of  Mili-aTv  r:^ii  nerr.  (Ref  o) .  Neither  reached  the  approved  stage;  both 
w-rked  with  the  ‘standard"  MIL-E-5272  basic  equipment  and  methods,  with 
minor  vsrishirns.  This  currant  investigative  pr : gram  was  promulgated  as 
a  result  cf  a  tri- service  disagreement  during  the  attempted  r.t ordination 
of  the  last  mentioned  Proposed  MIL- SID  (l>) . 
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It  Is  believed  by  many  people  with  expertise  in  the  environmental 
testing  field  that  these  "proposed"  procedures  nevet  became  standards,  and 
that  sand  and  dust  testing  became  unpopular  as  a  whole,  because  of  the 

apparent  lark  cf  c*.<>rre!atic  a  be- tween  suspected  and  observed  natural  pheno¬ 
mena  ar.d  the  proposed  simulated  tests  in  a  laboratory  chamber.  Many  people 
in  official  circles  have  t.aKea.  note  of  this,  and  several  projects  have 
beer,  starred  as  a  result  —  including  this  one. 

Tc  those  who  are  vitally  .  uctrned  with  the  preparation  of 
spaclfi cations .  an J  rfter.  fa  ei  with  the  necessity  -:f  defending  each 
test  step  they  make,  a  possible  respite  now  appears.  AMC  Regulation  700-15 
(Ref  pj  st* tea: 


"4  -  t.  Essential  factors  to  be  considered  in  reliability 
assursaa  are:  (4)  '  eft*1  .tiveness  cf  specification  criteria  in 

simulating  the  real  v i  ,-u.irt  postulated  in  the  military  specification. 
(When  real  environment  /Ann:  t  !■?.  simulated,  quantitative  correlation 
will  be  fs^uired.) 

5  -  1.  To  the  exientpracticable,  tests  of  increased  severity 
(beyond  those  environments  normally  expected  in  use),  and  tests  to  des¬ 
truction  should  be  performed  t*  establish  knowledge  of  the  limitations 
of  the  system,  the  margin  «>f  safety  inherent  ir.  the  design  of  the  system, 
and  failure  modes." 

Pi  •?.  c  us  s  lor.  ,  C  v  1  u*  1 :  u- 

bhrer.of  .  >  vever,  the  Envlr^na* ut&l  Engineer  and  Lis  teat 
personnel  have  been  expected  to  determine  the  longevity  cf  a  test  specimen 
under  this  c  orgl  nwrati  ?  of  variables  by  rear  or  te*ts  t*?  which  he  is 
bo. id  by  firmly  fired  parameters  —  eetabll-hed  by  More  often 

than  t  t  he  is  the  target  »  £  the  general  criticisms  that  either  "he  has 
not  complied  with  the  specification"*  or  that  the  test  equipment  is  faulty 
*>r  out  of  a! ohr -it  i  ..i.  Few  people  have  ever  admitted  that  a  test  speci¬ 
fic  at i  r  i  r.f-.i:  vn  reaticn  is  faulty.  ,  r  fsll?  t>  produce  the  desired 
results . 

Sin.' ?.e  a  test  has  teen  prepared  with  the  acceptance  cf  an  end 
item  as  its  goal.,  ily  limited  time,  money,  s*.d  engineering  talent  has 
been  made  available  ter  research,  study,  and  evaluatl  n  cf  the  correlative 
factors  between  the  natural  environment.  s.  d  its  l&Kratory  "equivalent". 

We  are  a  lmg  way  from  being  able  1 1  «*av  tb»t  "x"  hour*  in  a  chamber  equals 
"y"  months  or  years  under  a  given  field  exp  .ire  condition. 


No  staple,  or  single  test,  will  be  the  answer,  but  persistent 
effort  can  produce  meaningful  tests.  If,  as  these  tests  are  prepared,  one 
contl  les  to  keep  asking:  "Just  what  Is  this  test  expected  tc  do?" 

Now  for  a  moment,  let  us  consider  the  natural  environment  with 
which  we  are  dealing. 


THE  NATURAL  ENVIRONMENT 

There  ca  •  \,t.  no  a:  game  with  the  statement  that  any  natural 

environment  sett  util  cox  :ex .-a iae ratlin  will  prove  tc  be,  in  Itself,  a 
variable.  Minor  ar.d  major  differences  f:r  each  dims  tic  phenomenon  can 
be  determined  by  measurement*  mads  at  different  locations  on  the  surface 
of  the  earth;  sometimes  ever.  1>  locations  consider  si  close  together. 
Climatic  environmental  phex  :m*r:n  are  n*.t  completely  Independent,  but 
have  Interactions  which  are  theme  elves  variable*. 

The  Department  ef  the  A/my  has  recognized  the  need  for  realistic 
sand  and  dust  field  data,  and  ever  the  past  decade  a  scries  of  studies 
have  been  made  by  various  military  agencies  ard  civilian  research  or¬ 
ganizations  vandar  their  .cognisance.  Referee .zte  (q)  through  (c),  (ar¬ 
ranged  chr»>n>: logically)  are  typical  representatives  of  the  reports  re¬ 
sulting  fr.-m  such  efforts.  These  reports  Include  Weather  dureav  data, 
observer 1  rj  ly  qualified  experts,  star.isti.'al  analysis  ;f  e-*ae  of  the 
data  coll  acted,  and  s:-*e  augges  £1  m*  as  to  the  fin  ar.d  direction  in 
whine  ths.  it  •  estigati  m  of  ?  and  and  duet  testing  sh  10  .d  gv . 

As  may  l  a  experted,  the  inconsistencies  ir.  nature,  are  reflected  in 
these  reports,  end  fh*re  are  ar-&«  whlth  ha”*  net  beer  mpl-f.eiy  studied. 
Furthermo  re,  to  ■“p&.iflc  standard  :r  specification  h.*s  r*.*ulted  from  these 
reporta. 

It  was  the  intent  of  this  current  p: •„  jart.  as  stated  in  its  objective, 
to  pull  together  existing  data,  collect  additional  cats  t :  bridge  the  gaps, 
and  to  prepare  not  s  single  catch-all  ape  iti'atioa,  but  several  closely 
related  environmental  procedures  intended  t.  be  representative  of  the  de¬ 
sired  goal.  Fr.m  these  it  was  h.ped  that  the  varied  factors  of  desert 
degradation  could  be  extrapcl&r.e.i  in  term*  f  the  utility  and  life  ex¬ 
pectancy  of  military  ground  material  sired  :i  used  in  a  desert  ares. 
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THE  INVESTIGATIVE  PROGRAM 

To  this  end,  conferences  were  held  between  representatives  of  cognizant 
testing  and  user  agencies  during  155^-nO  as  t~  the  gcalt  c i  this  project,  and 
the  manner  In  which  it  was  f  be  pursued.  Additional  technical  meetings  were 
held  between  the  three  aforementioned  participants  (F.A. ,  WSMR  and  SwRI)  as 
to  the  procedural  method  of  implementing  same.  Reports  of  the  technical 
details  of  these  meeting?  have  beer  prepared  during  the  pest  few  years.  A 
complete  resume  cf  the  w:rks  and  these  rep.rts,  will  be  given  here. 

Objectives 

There  were  tv:  prime  phases  :f  investigational,  were  to  be  conducted 
by  the  project’s  three  partlclpeUV* . 

Field  laves tigati-n«. 

This  fhas*  ' f  the  project  was  undertaken  by  USMR,  using  desart 
sites  In  their  own  range,  at  luma  Test  St*tl:r.,  Arizona  (fT3)  and  at  Dugway 
Proving  Ground,  Utah. 

F  ur  set;  ca-re  re;*?  w&rr  built  fr:  n  s  .  original  design,  so 
constructed  as  t  .  te  self"  rlentating  with  the.  wind.  Tr.ese  devices  held 
specimen*  cf  exposure  samples  t.  verl-us  degree*  of  exposure  to  the  wind 
(right  angle,  3C  a:.j  45  )  at  4"  interval?  fr.-m  greund  level  co  8.7  feet 
above  the  gr . -end .  bags  f-*i:i:r£d  at  es:h  4"  level  also  collected  specimens 
cf  sand  and  dceftl  wing  at  th  e e  level*. 

The  specimens  .iiginally  planned  f;r  exposure  at  each  location 

corsia^d  of? 

A  • 

7 

e 

3. 

4. 

5 . 

6. 

7. 

8. 

9. 

10. 

11. 

12. 


•*  Glees 

Steel  (1C2C) 

Steel  (1010;,  not  primed,  but  enamel  painted 

Steel  (1020),  primed  and  enamel  painted 

Steel  (1020),  nickel  plated 

Steel  (1020),  silver  plated 

Steal  (1020),  chi  me  plated 

braes 

*  Aluminum  Alloy  #3003 

Aluminum  All:/  #3003.  An. diced 

Aluminum  All  y  #3103,  Anodized  and  Enamel  Painted 

•*  S-%inl  s?  Ste.f'i,  Type  301 
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Samples  prior  to,  and  after  exposure ,  were  to  be  examined  by 
a  "metalograph'eat  tfSMR.  Samples,  plus  bags  of  collected  blowing  sand  from 
outlying  stations  were  to  be  shipped  to  WSMR  for  analysis.  An  elaborate 

schedule  was  set  up  tc  determine  whei  e  new  lot  was  to  be  exposed,  this 
schedule  varying  brta  with  time  and  with  wind  etcrm  activity. 

The  materials  exposed  at  each  position  were  later  reduced 
from  twelve  to  three,  a a  Indicated  by  the  asterisks  (*) . 

The  objective  of  this  phase  of  tr.e  program  was  to  determine: 

(a)  iioraal  dec* art  as riron&antal  cowpor.3nt3 

(fc)  Particulate  sire  distribution  jI  l  Irving  sand  and 
duat  In  the  desart,  for  changes  In  elevation. 

(c)  -are at r.t  of  damage  done  to  the<?a  replicate  samples, 

at  each  cf  the  three  de-t-  lor.n  .ic  s.vd  at  each  elevation. 


Laboratory  Investigations 


Tbits  phave  r  f  the  progranw.es  to  determine  the  effect  of 
blowing  sand  and  dust  ever  replicate  specimen*  handled  uo.ier  strictly  con¬ 
trolled  latere t cry  conditions.  To  do  tele  the  following  factors  had  to  be 
considered: 


{a)  The  type  o£  ccm&f-rciai  ea ad,  and  its  particulate 
distribution,  available  f  r  laboratory  testing. 

(L '  Ct  trf  c;r  vt r  1  at  1  ta  and  their  e f  f  ? t 

(1)  Density 

(2)  Temperature 

(3)  Velocity 


at  <i 

give  meaningful  or 


(c)  Suitable  aajii  iey  available  in  replicate  to r  exposures, 

(d)  Methods  of  evaluating  tease  eeanp'^e  after  exposure  to 
useful  correlation  information. 


Frank ferd  Arsenal  ar i  S  uthvast  Research  Institute  both  participated 
In  this  phase  of  the  work. 


*110  ta:  k  device  fox  observing/ phot ographlng  the  micros true ture  of  a  small 
spec imam's  surfste. 


Correlation  Studies 


The  third  phase  cf  the  program  which  had  to  be  completed  before 
specifications  could  ta  written,  *&?  t  deter  nin*.  the  c*rt  atari  on  between  field 
exposure  damage,  and  lab. eatery  s  lm..i  itac  damage.  In  tne  event  that  correlation 
was  not  readily  apparent,  it  waa  anticipated  thac  C£*t  procedure*  would  have  to 
be  modified  t:  more  nearly  simulate  a  coal  field  conditions. 

Procedures  (and  Pr.bls.ii*  So..-: oct ~.r ad) 

Field 


L'nf rrtxrataly,  during  tr.e  normally  expected  windy  seasons  cf 
1961  and  I>62,  nature  failed  to  c'perate,  and  wind  storm  activities  were  at 
a  minimum*  the  rrue  meaning  cf  'be  data  thus  collected  from  th®  exposed  samples 
ia  open  t  ;vestion,  primarily  teoac?e  it  i?  so  sparse  »ich  respect  to  higher 
velocity  ccnditinns .  Si®,  1  tare  _•» lyf  de a r r :  rare  built  neats  in  the  lower 
collection  bags,  cheweo  hcl*.s  in  o*her?s  and  mar.y  of  th*  bags  became  filled 
with  other  flying  debris.  This  migh'  e  .gg-;^  a  .-.mplete  new  investigation 
as  to  the  damage,  if  any,  .£  ■:  n—sand  and  dust  particles  blowing  through  the 
desert,  such  as  leave-',  e-_ , 

Da-pita  ih  -  fa of  at  rdf  nuatr-.r  cf  <■  amp  lea  for  ea,.h  exposure 
were  lat^r  reduced,  the  sheer  pry®  !  .%,  ouaottit.r  L-\'1v..i  r •  -uiied  mere  mttalograrh 
operating  mar_-h.~rs  that  wfre  aval. ail*  dwri'5  t:.<f  v:  rkiog  wa>k.  It  should  also 
be  n  ted  that  prrario.g  rhia  itvsir  -merit  ..  ntir. . ‘us  iy  ..auc.es  eye  fatigue  which 
influences  th*  results  t a »rv?4,  end  tve  ,£..*■«■  -h*.  same  parattr  conducts 
the  before  ard  af;-r  en«:ric.*.ti  a.  etr :  ct  _?  cats  x&.  re  cult. 

A?  r.*  re 5  iit.  f  t*  r<  rgar.  iiaci  r  o  rt-  Dey*r  tm-so.t  .  f  the 
Ax  my  in  Ceti-r  ibti,  rhare  ha*  : -.en  a  t  e-aligsom-rt  f  mi-  1  o-»  ar  i  v-rrk  forces 
at  WS9*R«  a-”,  the  p  er*'  reel  i  •■aec.jr  c  r.»-t  rnei  vi  to  lo  ,r-  gram  have  other 
ass  igrjaeikts .  Forts  €nm  re.,  te-hei  la:.-  *.:  a.rtf  d  th  *  use  i  the  me  talc  graph 
who-  examined  the.  wflier  t\*'  i  ape.  imcn$  axe  r  •  •  .g?r  available. 

Lai  rratrry 

There  1  j  a  oh. for  ;s  as  y*t. 

unproven,  that  «vr : » 1 .  r.  by  :>*D  exp  efuri, 
whether  in  th*  latcrat  ry  *>r  ir.  th-  Held, 
is  not  linear,  bof  foil*  vs  a  type  „-i  "S" 
curve  aa  eh*vn.  Th*  *harp  iac.gr  in  s>)  'pr 
in  the  'T&"  area  may  be  due  rh-  hr- axing 
off  cf  pieces  ?£  the  basic  mftal  r  it:* 
plating  in  the  case  *f  plated  materia,. 

This  may  normally  he  exp*1 tad  vary  with 
the  type  cf  material,  axgle  f  ‘»r  ?ur»  to 
S&D  impact,  va.I-.rity  i  Impac* ,  psrcl.l- 
sire  cf  S&D;  particle  haruna.es.  r  e 
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combination  of  several  of  these  factors.  It  was  hoped  to  find  this  sudden 
change  in  slope,  or  ’break"  in  the  curve,  and  make  use  of  it  as  a  criteria 
for  further  Investigation. 

Three  distinct  laberatcry  investigations  were  to  be  conducted, 
each  with  a  different  set  cf  variables: 

(1)  Velocity  and  concentration  constant;  particle  size 
varied  and  plotted  against  eroaim.  (This  required  daily  chamber  cleaning 
and  varying  of  the  type  cf  sand). 

(2)  Velocity  and  particle  size  constant;  concentration 
varied  end  plotted  against  erosion.  (This  required  dally  varying  cf  sand 
concentration  in  "chamber) . 

(3)  Concentration  and  particle  site  constant;  velocity 
varied  end  plotted  against  erosion.  (This  required  dally  varying  of  velocity). 

The  exposure  period  for  any  given  set  of  fixed  conditions  was 
four  (4)  hours.  Height  loss,  to  four  decimal  pieces,  was  to  be  used  as  a 
measure  of  arcaior,  and  was  to  bs  plotted  against,  time;  a  separate  plot  for 

each  specimen  for  etch  day's  exposure.  Toe  pit  *f  each,  containing  five 
points,  f  ill -wed  any  one  cf  several  configurations.  If  there  was  a  break 
In  this  curve,  it?  value  would  he  used.  If  there  was  no  break,  then  the 
terminal  weight  loss  was  to  be  used  to  represent  the  conditions  of  that  ex¬ 
posure.  This  single  p-irr  was  to  be  used  ti  develop  the  curve  representing 
the  variable  of  the.  particular  investigation. 

After  cl *  specimen  for  the  day's  exposure  had  been  selected, 
rhr  f.r  pr-- '  ••  votings  removed  tr  :■*  t ns  side.  tiring  extreme  care, 

r.-.i  ran. '  -ig’  id,  ■->  i  then  inserted  in  their  respective  holders. 

(;>ee  1  c,  Y.,.  After  c’-aat-sr  cinditi  v:s  bad  bear.  stabilize i,  the  holders 

and  specimen  pis  ,»4  in  the  cheat  er . 

At  the  *: .d  ■■*£  -  ne  I  nr  rf  exp.ar re  the  holders  wore  removed, 
and  blown  dry  by  me  a,  at  .  f  a  stream  ..;l«an  dry  compressed  air.  Each  specimen 
was  then  immersed  in  s  -  cleat  le  r.  .tans*-*  c  -  fl  at  away  any  remaining  dust 


*  Pressure-sensitive  covering  was  r.rt  soluble  in  the  cleaner  >*.<:&hol),  which 
was  verified  in  advance. 
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particles,  air  dried  and  weighed,  this  process  was  repeated  each  hour  for  the 
four  hour  period.  It  was  desirable  that  the  4  hour  exposure  be  completed  In 
one  work- day. 


After  a  .mpletirg  the  4  hour  exposure  each  specimen  was  to  be 
scribed  or  engraved  along  its  :f  the  1*"  efges  to  identify: 

Exposure  Ccaditicns 
Angle  of  Inclination 
Type  of  Specimen 

Since  each  exposure  required  rr.e  work-day,  the  total  number  of 
exposure*  which  bad  to  he  xsie  wee  toe  product  of:  (1)  the  nuaber  cf 
velocities,  ( 2 )  the  nuaber  cf  particle  sires,  (3)  the  number  cf  concentra¬ 
tions,  and  in  the  case  .of  F.A. ,  (4)  the  tube r  cf  temperatures . 

The  curves  resulsing  from  the  first  three  investigations  were 
to  be  analysed  tc  determine  breaks  r.r  rther  indications  cf  extreme  erosion 
conditions,  and  this  data  used  ir  the  preparation  of  the  new  specification. 

It: ch  6*  Vi.  w<-r  ►  working  with  materials,  and  under  conditions 
which  were  n  t  normally  f :  11  wed  L:  r*uti.t>.  S4D  tests,  we  had  to  consider  each 
action  separately,  with  a  vi»w  t.  now  such  a  ?r».  ceiure  would  appear  ia  the 
future.  If  ir.  mc-iiloatl  a  f  m.  r.hsy  were  t:  he  carried  cut  by  the  regular 
laboratory  t.«.*.hnioii.n.  It  i*  •  n*id#Tfd  advantageous  here  to  discuss  each  of 
these  variables  ir.  detail. 

Avail*!  t  tty  i  wr.Lal  Sard  for  Lat  'rat  ry  S&D  testing 
Fs-t.i  l-  Sir*: 

With  a  few  negligible  exceptions,  sard  in  particle 
sise*  ranging  frtno  IC^ee  t  BC'O^s*  (microns)  can  be  found  in  mary  places  in 
nature.  S>  >»  cf  thi-  aavd  a^c  duft  is  carried  alctt  by  wio.de  under  certain 
conditions,  r  raised  la  ; .  ■<#  **  .i*.  by  vehicles  moving  a. or  as  the  desert. 

.it-  ma-eriei  (i-tlloa  fl:ur)  prs*ently  called  for  in 
MII-E- Vi  end  HIL-STlb»dlP  las  a  Halted  *:urc?. ,  and  powdered  Ottawa  River 
sand  dust.  i»  ge:«.raily  •..<■-.1.  3etaua*  t  its  *  tree,  ard  the  consistency  of  Its 
particle  density,  sharp  eig-*.  etc.,  there  is  &  Jbtas  zn  it*  correlation  with 
the  fine  perti  :Lss  f..ni  1:.  th^  of^err  vhst  characteristic*  are  less  uniform. 
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It  was  originally  thought  that  to  permit  repetitive 
testing,  particle  sizes  which  could  be  separated  by  standard  laboratory  type 
slaves  wars  to  be  utilized.  A  fine  grade  cf  quartz  sand,  preferably  from  the 
same  source  legation,  was  sought  by  both  SwRl  *nd  FA.  FA  va«  tc  wcrk  with 
particles  in  the  sieve  ranges  cf  #7C,  »'0,  SO  and  45,  com  paring  to  210,  250, 

297,  and  350  microns,  respectively.  SvF.I  vas  tc  use  the  same  size  particles 
as  wall  as  larger  sizes,  above  sieve,  size  45,  up  to  the  Halt  that  their 
equipment  would  keep  such  particle  sizes  in  suspension  under  test  conditions 
(up  to  800^S  }. 

Exhaustive  investigation  and  corraspondanca  ba tween 
this  Arsenal  and  suppliers  of  sand  elicited  the  infrrmatira  that  the  size 
ranges  of  sand  that  we  required  are  net  commercially  available  or  are  smooth 
particle  sand  rsthar  than  sharp  edged.  Tb*  meet  satisfactory  sand  that  we 
could  purchase  (Pennsylvania  Class  Sand  C.rp.  #22)  was  obtained  in  sufficient 
quantity  so  that  by  sieving  we  would  theoretically  r.f  rein  e  sufficient  quantity 
of  all  particulate  sizes  that  were  required. 

E/vever ,  laboratory  equipment  available  cr  readily 
obtainable  proved  to  be  unsuitable  for  separation  cf  any  but  ext"  emeiy  small 

quantities,  Inadequate  for  even  preliminary  studies  cf  its  circulation 
v  i.thl  n  the  Vf.aafc  er. 


Air  separation  cf  the  ear.i  is  pcs? ibis  with  expensive 
commercial  equipment  such  as  that  used  ty  the.  manufacturer*  of  sand  paper. 
Contacts  with  personnel  in  this  industry  Indicated  they  could  separate  our 
#22  sand,  but  they  refused  to  do  er>  a inoe  they  did  cot  want  tc  spend  the  time 
necessary  to  clean  their  equipment  pri  :r  to  envertieg  from  their  materiel  to 
ours,  ar.i  then  beck  again. 


Consider  ah  Is  time  was  crns'j» it-  this  problem,  un¬ 
anticipated  at  the  start  tf  the  project.  Two  additional  lot*  &f  sand  were 
finally  secured,  the  three  lots  overlapping  In  particle  size  tut  n  t  ir.  dis¬ 
tribution.  While  rot  entirely  satisfactory,  it  is  the  be^t  that  can  be  ob¬ 
tained  commercially.  Sw&I  encv'irs. ier-d  the  same  prullam,  tod  male  a  similar 
compromise . 

It  is  t-  b*-  c-.ted  that  the  coat  cf  transporting 
the  send  tc  tbs  laboratory  may  exceed  the  material  cost,  despite  purchasing 
sand  ^locally".  Lets  fr  a  on*  shipment  may  ret  contain  the  exact  same  dis¬ 
tribution  of  particulate  si z-as,  ar-d  '-rder*  fr:a  the  «am«  veod>.r  may  c  xae 
from  different  quarrie?,  a.--d  iy-.i'.  •  av ..  different  discr lbutirnu.  Tb.ua  from 

the  point  cf  view  of  gcc-d  lal  'is':  ry  r-tr  "L  cf  experiments,  we  started  under 
a  basic  materials  handicap. 
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The  quantity  cf  sand  needed  tc  conduct 
a  aand  and  duat  teat  will  vary,  depending  on  whether  the  test  ia 
conducted  in  a  single-pass  or  re-circulating  type  of  chafer. 
Thia  will  be  diacuesed  in  detail  lat*r. 

C'n&afc  hr  Pariah  lea  and  Their  Effects 


Density: 

Originally  both  FA  end  SvRI  were  to  uae 
concentrations  cf  send  in  four  densities:  0.01,  0.05,  0.1  and  0.2 
grams /cubic  foot. 


The  Send  and  Duat  Cheaber  which  we  are  ualng 
for  thia  research  vas  designed  to  perform  r  ratine  aand  and  duat  taata 
utilising  the  duat  a palled  cat  in  Specification  MXL-E-5272,  and  la  a 
cloaed  system.  An  electronic  smoke  indicator  attached  to  the  chamber 
was  calibrated  to  indicate  the  proper  density  of  this  dust  within  the 
chamber.  Thia  am  ke  indicator  will  not  measure  the  density  of  our 
research  type  aand,  probably  because  there  are  less  particles  in 
suspension  due  to  th*  incr eased  volume  of  each  particle. 

a  seMfli  ak  :hod  £  measuring  density,  the 
remrvai  cf  a  known  volume  ,f  tand-b oar icg  air  by  a  vacuum  pump  through 
a  filter,  and  then  weighing  the  sample  remved,  also  proved  unsuccessful. 
It  appeared  that,  a  *aall  auction  line  inserted  into  the  chamber,  if 
faced  towards  the  bl  uing  sand,  became  clgg&d.  If  the  auction  line 
faced  downstream  or  *:r  #»  stream,  it  w. aid  not  sufficiently  divert  the 
moving  parti-las  fr.m  their  original  direction  of  movement. 

JUiawirg  the  v  lu»*  .  f  the  entire  Sand  and 
Duat  Craster  closed  so*;  ten,  arrd  a  doming  that  the  velocity  is 
sufficient  t?  keep  all  of  -on;,  sai. 0  in  suspension,  it  was  theught  that 
it  might  be  prssibli  £'  introduce  thi.  pr  per  weight  rf  sand  to  produce 
the  density  des Ir ri .  rv:wvf.r,  rhis  also  hs.c  proven  to  be  an  unreliable 
me  the  d  for  tv*  reasons:  tir^t,  the  hidden  parts  cf  the.  chamber, 
cooling  ceil  surfaces,  ledgf »,  j-  lnts,  etc.,  ate  capable  of  entrapping 
1  pr.rtitn  tf  the  circulating  send,  thus  continually  reducing  the  density 
of  the  materiel  in  circulation.  Se.  :..nily,  inaccessibility  to  much  of 
the  system  prevents  tfc  r'ugh  cleaning,  and  operating  personnel  can  never 
be  assured  that  enhrapj e-d  mit trial  fr  a  «  previous  run  will  not  re-enter 
the  system  again  and  upset  ths  density . 


SvRI  alto  encountered  this  problem,  end  solved  it  by 
converting  their  chamber  to  a  one-past  system.  It  Is  Imperative  that  we  do 
the  same  before  continuing  this  project,  for  two  reasons;  (1)  Recirculating 
sand  particles  shatter  upon  contact  with  projecting  edges  of  the  chanber,  and 
the  Input  particle  size  distribution  becomes  changed  mere  moments  after  the 
chamber  circulation  Is  started.  (2)  The  recirculating  sand  abrades  the  system's 
circulating  fan,  picking  up  metal  particles  from  the  fan  blades  which  also 
strike  the  exposure  specimen. 

Our  fan  ultimately  became  unbalanced  from  erosion 
end  bed  to  be  replaced.  A  one  peas  system  can  be  so  designed  that  sand  will 
not  pass  through  the  fan  assembly. 

Velocity: 

To  cover  the  wide  range  of  velocities  originally  envisaged 
In  the  early  stages  of  this  project,  F.A.  was  assigned  the  slower  velocities  of 
1300  +  200,  2230  +  20C,  3000  +  300  fpa  plus  one  other  point  between  1000  -  3000 
fP«  believed  consistent  with  "the  design  characteristics  of  our  chamber.  Any 
change  In  velocity  required  changing  e  set  of  pullies,  e  time  consuming  end 
dirty  job.  The  velocities  which  resulted  were  n  t  those  empirically  desired 
due  to  the  specific  limiting  'characteristics  cf  the  fan  used  In  our  chamber. 

Before  the  fen  blade  disintegration.  It  was  determined  that  In  the  attempt 
to  attain  a  3000  fpa  velocity  we  had  exceeded  the  design  characteristics  of 
the  fan,  that  velocity  was  actually  being  retarded,  and  tcp  velocities  were 
not  reached. 


SwRI  having  a  different  type  tf  fan  utilized  velocities 
Intended  to  overlap  these  of  PA.,  from  just  below  3000  fpm  up  to  a  maximum  of 
5000  fpm. 


Exposure  Samples 

All  participants  prepared  their  own  exposure  samples. 

US MR  used  specimens  approximately  1"  X  3"  X  1/15"  since  their  surfaces  were 
to  be  microscopically  examined.  SwRI  and  PA  used  approximately  1"  X  IV  X 
1/16"  specimens  end  weighed  their  specimens  for  weight  less.  WSMR  used 
twelve  specimen  (previously  listed  cn  psge  11);  and  ft vm  their  list  we.  used 
four. 

Glass  (one-half  of  a  standard  microscope  slide) 

Aluminum,  Alloy  3003  (Surface  fiatdness  Rockwell  51+2) 

Brass,  Hardness  Rockwell  B  40  or  P  79 

Mild  Steel,  Type  302  (18-8),  Hardness  Rockwell  B  80 

Frankfnrd  Arsenal  also  exposed  three  types  tf  plastic  specimens. 
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All  metal  samples  were  purchased  to  have  a  #7  Industrial 
finish  on  both  sides,  and  it  was  specified  that  they  were  to  be  received 
with  an  easily  removed  pres sure- sensitive  paper  protecting  each  side.  Edges 
were  to  be  free  of  burrs.  However,  workmanship  of  metal  suppliers  varies. 

A  comparison  study  of  the  samples  obtained  by  the  three  contributors  showed 
ours  to  have  an  unsatisfactory  surface  finish.  Also,  our  specimens  had 
burrs  and  sharp  edges  which  could  conceivably  chip  off  under  sand  Impact, 
and  Improperly  affect  the  specimen  weight.  Attempts  made  to  improve  our 
specimens  still  fell  short  of  desired  conditions. 

Specimen  Holders 


Three  (3)  specimen  holders  were  constructed  to  held  one 
of  each  type  of  test  specimen  by  a  1/16  -  3/32  inch  grip  on  opposing  edges 
of  the  1%  Inch  side.  The  holders  were  so  me unted  that  upon  being  placed  in 
the  taat  chamber  one  was  normal  to  the  air  stream,  and  one  each  at  30°  and 
45°  to  the  air  stream.  A  sketch  showing  the  design  of  these  holders  is 
shown  below: 


These  holders  have  not  been  completely  satisfactory, 
and  may  have  been  partially  responaible  for  the  erratic  results  obtained. 
Sand  and  dust  particles  which  could  not  be  removed  by  an  air  blast  were 
able  to  penetrate  between  the  holder  and  the  specimen  at  points  "X".  These 
were  capable  of  scratching  the  specimen  surface  upon  removal. 

Results 


yield  Investigation* 

All  of  the  field  data  collected  during  1961  and  1962  has  not 
yet  been  analysed  and  forwarded  to  this  Arsenal,  possibly  due  to  the  afore¬ 
mentioned  change  in  WSMR  mission  responsibility  and  personnel.  Graphed 
data  is  available,  however,  showing  the  grains  Impact/sq  me  vs.  cumulative 
exposure  time  on  the  exposed  plates.  A  partial  analysis  of  the  sand  col¬ 
lected  at  various  levels  Is  also  available.  Although  this  is  Incomplete, 
there  Is  sufficient  information  available  to  show  that  particles  as  large 
as  840^  are  aloft  up  to  8.7  feet  above  the  ground  in  high  winds,  al¬ 
though  the  lsrgeet  particles  collected  that  exceeded  IX  by  weight  was  in 
the  385  -  UlOyU  range. 

Wind  velocity  data  was  alec  only  partially  analyzed.  How¬ 
ever,  lesults  thus  far  analyzed  showed  a  peak  velocity  of  71!  mph  measured 
during  May  1961.  During  May,  1961,  the  following  maximum  wind  velocities 
and  duration  of  continuous  wind  activity  were  recorded. 

Duration  fgrs)  Max  Hi  el  (MFt) 


62  \ 

50 

11  \ 

f'f, 

15 

43 

4*  h 

71 

20 

40 

The  duration  of  the  maxima  are  not  known,  but  are  interpreted  to  only  be 
shert  duration  gusts 

Laboratory  investigations 
Frank  ford  Arsenal; 

Mo  meaningful  data  could  be  derived  from  the  limited 
data  obtained  at  this  Arsenal  during  the  eleven  (11)  runs  uade  prior  to 
equipment  failure.  As  discussed,  this  may  be  due  to  Improper  preparation 
of  the  metal  samp  lee,  uncertain  density  of  sand  in  the  charter,  and  Its 
rapid  reduction  in  particle  size  with  successive  passes  through  the  re¬ 
circulating  charter. 
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Southwest  Research  Institute  (SwRl) : 

This  Arsenal  has  received  a  preliminary  rough  draft  copy 
of  SwRl's  laboratory  forthcoming  report.  Thie  document  goes  into  some  de¬ 
tail  iu  reporting  weight  loss  in  exposed  samples,  with  seme  secondary  ob¬ 
servations  as  to  changes  in  surface  roughness,  discoloration,  surface  re¬ 
flection,  and  shape.  In  all,  they  made  forty  (40)  runs  to  complete  two  sets 
of  data,  which  data  Includes  measurements  and  calculations  of  impacts  at 
various  velocities  and  for  various  particle  sizes.  Some  of  their  samples 
did  indicate  consistent  weight  less  with  time  of  exposure;  others  were  so 
erratic  that  reliable  weight  loss  statistics  could  not  be  determined. 

The  Swki  taper t  pointed  cut  the  different  trends  ahich 
could  be  indicated,  depending  cn  which  factor  was  used  as  a  basis  for 
analysis,  i.e.,  exposure  angle,  ear.d  concentration,  velocity,  particle  size, 
type  of  specimen  material  exposed,  variation  in  surface  roughness,  etc., 
and  the  149  combinatirrs  of  groups  which  were  also  possible  in  presenting 
all  of  this  data  statistically. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


Specifications 

Dust  (Fine  Send** 

•There  is  r»cw  available  sufficient  data  to  shew  that 
ma'.lmua  air  speeds  in  the  desert  can  reach  72  mpl  (6336  fpm)*during 
gust  conditions.  It  therefore  would  appear  to  be  reasonable  to  re- 
ccmasend  that  the  velocity  cf  th  air  in  the  sand  and  dust  exposure  test 
be  increased  to  at  least  6000  fpa.  This  recommendation  will  be  made 
to  the  Ad-Eoc  Ccmittee  cr*  revision  cf  sand  and  dust  teat  specifications. 

Ineuiiiciert  new  data  exists  to  warrant  medif icatlon  of 
the  concentration  of  the  "dust"  used  in  these  teats,  and  therefore  no 
reccanendat icn  is  aade  fer  varying  it.  Ultimately  this  "dust  (fine 
sand)”  specification  should  be  orientated  towards  a  particular  type 
of  damage/degradation:  i.e.,  penetration,  obscuring  light  passage, 
plugging  a  filter,  ele.ctrc  static  r induction,  et.'„,  ar.d  if  necessary, 
specific  sub-se  tions  should  fcr:  inserted  t>  take  care  of  each  of  these 
condition* . 


If  toe  .. '.saber  specification  (Reference  a)  is  still  to 
remain  extent,  it  should  be  revised  t:.  i-  .iuie  x  p  sitivs  statement 
concerning  humidity  control. 

It  is  further  re : :  jmendf-d  that  the  pi  per  authorities 
be  aler  ted  tc  cancel  outdated  :r  nrn-used  spe.iti . at  Ions  related  to 
Sand  &  Dust,  and  r>  review,  revise,  and  up-grade  these  that  are  ^till 
in  ute  ! i  reference  the  lateer  approved  test  methods 


Sand 


Although  n.  rreiati  a  studies  hi  re  as  yet  been  made  be¬ 
tween  the  field  ar.d  r.r»e  laboratory  exp  sure*,,  there  is  sufficient  evidence 
to  Justify  the.  re  t  ruraendati  >n  that  an  entirely  new  "Sand"  exposure  specif i- 
catlon/standard  be  prepared.  Such  a  document  must  take  into  ^>asideration, 
among  other  fa-tore  the  &f :rementior.ed  problem?  encountered  by  this  in¬ 
vestigation: 


fa)  That  rhe  Sana  specified  ,nu? t  have  a  range  of 
particular  si.ee  distribution  that  is  -ne  anir.gr  ^  I ,  testwisa.  and  still  be 
readily  available  in  all  parts  cf  the  country  Present  research  results 
would  seam  to  support  een.ti  ,*i  ol  parti  ulate  sizes  ranging  from  150 
microns  tu  850  mi.ror.s. 


♦Net*-  fr  it  Raaaarsb  Pr: ; real  -  Correlation  letwean  Nat-ral  Sand  and  Duat 
Riasomanon  *c i  sCfhtab  ?x  biwulae  ion.  Army  Jilaal  1*  Teat  C»n*»r,  WSTriR,  Sept .  1960 
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(b)  That  a  new  type  of  chamber  (non-recirculating)  must 
be  spelled  out  in  this  specification,  relatively  economical  to  build  or  pur¬ 
chase,  since  current  Sand  and  Dust  chambers  of  the  re-circulating  type  will 
not  suffice. 


(c)  That  the  density,  air  velocity,  and  duration  of 
exposure  specified  produces  degradation  which  is  realistic  when  compared  to 
extended  field  exposures,  ar.d  falls  within  the  purview  cf  Reference  p. 

No  details  cf  such  a  proposed  specification  can  be  given  at 
this  state  of  the  investigation. 

Program  Continuation 

It  is  recommended  that  this  program  be  continued  in  order  to 
pursue  the  investigations  started,  and  t j  collect  additional  and  more 
meaningful  data.  The  ultimate  goal  t  this  project  will  remain  the 
issuance  :f  a  re.laistic  "Sar.d"  test  specification. 

Participants  currentiy  funded  to  continue  this  work  are  this 
Arsenal,  WSMR,  and  Aberdeen  Proving  Grounds  (APG) .  It  is  anticipated 
that  SwRI,  who  did  de  bulk  of  the  reported  lab:rat:ry  phase  of  this  project 
to  date,  will  be  re~contra; r sd  to  continue  their  participation. 

This  proposed  program  will  .insist,  fundamentally,  of  each  parti¬ 
cipant  exposing  replicate  samples  cf  specimens  in  the  same  manner,  each  in  his 
own  equipment.  It  is  anticipated  that  the  variables  to  be  investigated  will 
be  reduced  to  sand  densities  and  velocities.  The  sand  particulate  sire  dis¬ 
tribution  is  to  be  spe.ified  and  thus  become  a  constant.  If  time  permits, 
temperature  will  be  introduced  as  another  variable  at  the  end  cf  the  program. 

Comparisons  i  :  degradation  done  by  the  vari  ous  contributors  will 
help  evolve  a  degraded  n  standard.  Correlation  between  this  and  field 
damage  will  alg  .  have  to  be  established 
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MIL-D-13570  (Ord } 
9  August  195iv 

SUPERSEDING  . 

ARMY  60-901-1 
3  March  19&A 


MILITARY  SPECIFICATION 
DUST,  TESTING  BY  EXPOSURE  TO 


1  SCOFE 

1„1  This  specificat ion  covers  certain  test  procedures,  pertaining  to  the 
testing  of  the  resistance  of  conponents  and  their  materials  to  the  injurious  and 
otherwise  deleterious  and  undosirable  effects  caused  by  exposure  to  specific 
test  dust,  under  prescribed  conditions. 

2.  APPLICABLE  DOCUMENTS 

2.1  The  follov'ing  specifications,  of  the  issue  in  effect  on  date  of  applica¬ 
tion  of  this  specification,  shall  form  a  part  of  this  specification. 

SPECIFICATIONS 

Military 

MILM/-3329  -  Vehicles,  Combat,  Self-Propelled  and  Towed;  General 

Requirements  For. 

MIL-V-3798  -  Vehicles,  General  Purpose  and  Special  Equipment,  Saif 

ropelled  and  Towed,  General  Requirements  For. 

(Copies  of  specifications  required  by  the  contractor  in  connection  with 
specific  procurement,  functions  should  bo  obtained  from  the  procuring  agency  or  no 
directed  by  the  contracting  officer.) 

3.  REQUIREMENTS 

3.1  Materials.  -  Materials  used  in  tests  shall  conform  to  analysis  rs 
specified  in  paragraphs  A. 5. 1.2  and  u.  5.1.3* 

3.2  T^sts .  -  Tests  shall  be  accomplished  to  determine  the  effect  of  exposure 
to  dust  on  the  components  .ana  materials  being  tested.  Tests  shal^  be  accomplished 
wholly  or  in  part  by  the  use  of  suitable  equipment  (see  A. 6). 

3.2.1  Test  result  determination,  -  The  result  as  to  the  extent  of  injuriouo 
and  undesirable  effects  caused  by  exposure  to  specified  test  dust  conditions,  with 
relation  to  the  operation  and  function  of  the  component ,  shall  be  determined  in 
accordance  with  the  detail  specification  applicable  to  the  component  or  material 
under  test. 

3.3  Workmanship.  -  Testa  heroin  specified  shall  be  made  by,  or  under  the 
direction  of,  a  person  or  persons  well  qualified  by  experience  and  knowledge  to 
conduct  tests  in  conformance  with  this  and  pertaining  specifications. 
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MXL-D- 
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4.  QUALITY  A53UHANCE  PH0VI3I0NS 

4*1  Inspection.  -  Government  inspection  and  tests  shill  be  conducted  in 
accordance  with  this  and  the  detail  specification  of  the  component  or  material 
under  teat  and  in  accordance  with  the  applicable  requirements  of  Specifications 
K1I-V-3329  and  MIL-V-3798. 

4.2  Place  of  inspection.  -  Unless  otherwise  specified,  the  inspection  and 
teats  of  components  and  materials  *s  prescribed  herein  snail  be  made  at  a  place 
designated  by  the  contracting  officer. 

4.3  Lot  size,  -  A  lot  shall  consist  of  all  components  of  a  type  or  a  kind 
submitted  for  inspection  at  the  same  time  by  one  manufacturer,  or  as  specified  in 
the  detail  specification  for  the  component.  Specimen  for  test  shall  be  selected 
by  the  inspector  from  the  lot  represented.  The  lot  and  test  specimens  selected 
shall  be  in  conformance  with  the  requirements  of  the  detail  specification  for  the 
component. 

4.4  Visual  and  gaging  inspection. 

4-4.1  Vi:»ua.  inspection.  -  Each  specimen  shall  be  given  a  complete  visual 
inspection  before  testing,  to  ascert  lin  that  appearance  and  manufacturing  processes 
have  been  satisfactorily  completed. 

4. 4. 1.2  G  ,g ir,g  inspection.  -  Each  specimen  3hall  be  gaged  and  checked  for 

hardness,  weight,  dimensions,  and  chemical  and  physical  characteristics.  When 
necessary  due  to  conformance  to  retirements  of  detail  specifications,  an  inspection 
of  each  part  ^  component  shall  be  made  prior  to  the  test.  Individual  parts  or  ^ 

component  shaa  le  male  prior  to  the  test.  Individual  parts  or  components  shall 

be  ihspected  prior  to  assembly.  Complete  specimen  shall  be  disassembled  and  in¬ 
spected.  The  results  of  the  inspection  of  parts  in  new  condition  shall  be  recorded 
for  the  purpose  of  comparison  to  determine  if  there  his  b'-en  any  change  in  dimensions, 
physical,  or  chemical  characteristics,  due  to  wear  or  abrasion,  or  chemical  action 
of  the  tests. 

4.5  Test,  .lust  .  -  Unless  otherwise  specified,  dust  used  in  the  tests  sh-Ii  have 
the  fellow::. p  character  I -.'.tics: 

4.5.1  Screening  requi re-rents ,  -  There  shall  be  no  residual  matter  evident 
after  screening  test  dust  through  a  2C0  mesh  screen. 

4.5. 1.2  Particle  size  analysis.  -  Particle  size  analysis  of  the  te3t  dust 
Shall  be  as  follows: 


Size  in  microns:  Percent  of  total  weight: 

0  to  5  39  *  2 

5  to  1C - 18  ♦  3 

1C  to  20 - 16  ♦  3 

2C  to  40 - 18  ♦  3 

4C  to  80 -  9  0 

4. 5. 1,3  Chemical  .analysis.  -  Chemical  analysis  of  the  test  dust  shall  be  as 
follows: 


< 
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> 


Substance 


Percent  of  total  weight 


S102 

Fe2°3 

ai203 

Cao 

Kz  o 

Total  Alkalis  as 

(k--2o) 

Ignition  losses 


67  to  69 
3  to  5 
15  to  17 

2  to  4 
0.5  to  1.5 

3  to  5 
2  to  3 


4.6  Tes*  apparatus  and  eruditions.  -  Unless  otherwise  specified,  and  when 
not  in  conflict,  with  detail  specification,  test  apparatus  and  conditions  shall 
be  as  specified  in  4.6,1  through  4.9  (see  6.2). 

4.6.1  T'  tin r  chamber.  -  Testing,  chamber  shall  be  of  adequate  size  to  accomodate 
the  specimen  to  be  tested  and  permit  mounting  as  specified  in  4.10. 

4.6.2  Du  t  Quantity.  -  Ten  pounds  of  dust  shall  be  placed  in  the  testing 
chamber  for  each  27  cubic  feet  thereof. 

4. 6. 2.1  Density  of  dust.  -  Dust  shall  be  completely  and  uniformly  diffused 
throughout  the  cube  of  the  chamber  when  agitated  as  specified  in  4. 6. 2. 2. 

|  4. 6. 2. 2  '  ;st  agitation.  -  Air  blast  shall  be  in  a  downward  direction  into 

the  dust  in  a  manner  that  will  diffuse  the  test  dust  as  specified  (see  4. 6. 1.1). 

The  dust  agitation  cycle  shall  be  2  seconds  of  air  blast  at  15  minute  intervals. 

Test  shall  be  conducted  for  a  minimum  of  P  hours. 

4.7  Air  temperature.  -  Regardless  of  ambient  air  conditions,  temperature  in 
the  testing  ch  -\.ber  shall  be  uniform  throughout  and  not  less  thar.  70°F.  nor  more 
than  100°F . 

4.8  Air  pressure.  -  The  absolute  air  pressure  in  the  tostihg  chamber  shall 
not  exceed  the  absolute  pressure  of  the  ambient  air  by  more  than  one  percent, 
unless  otherwise  specified. 

4.9  Molt  tu re.  -  The  relative  humidity  shall  not  exceed  30  percent  at  any  time 
during  the  test.. 

4.10  Method  of  mounting.  -  The  specimen  to  be  tested  shall  be  mounted  in  the 
same  manner  as  approved  for  the  actual  installation  and  application  or  as  specified 
in  the  detail  specification. 

4.11  0;  -ration  of  electrical  units.  -  Unless  otherwise  specified  in  the  detail 
specification,  each  electrical  terminal  or  connection  normally  attached  to  an 
electrically  energized  part,  that  in  the  actual  installation  and  application,  will 

be  operated  electrically,  under  electrical  load  or  in  an  electric  circuit  or  circuits 
shall  be  included  in  the  test. 

4.12  Adjustment  and  inspection,  -  Adjustment  and  inspection  of  the  specimen 
during  the  test  shall  be  made  as  reouired  in  the  detail  specification. 

4.13  Operation  durinr  test.  -  Unless  otherwise  specified  Jr  the  detail 
specification,  specimens  that  will  be  electrically,  pneumaticrlxy,  hydraulically , 
or  mechanically  operated  in  their  actual  installations  and  applications  shall  be 
operated  during  tests  in  the  same  manner  as  in  their  actual  installation  and 
application. 
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4.14  Operation  after  test  -  ’.."hen  additional  tests  a^e  necessary  due  to  con¬ 
formance  to  reou'  rements  of  the  detail  specification,  the  specimen  shall  be  care¬ 
fully  removed  from  dust  chamber,  so  as  not  to  disturb  any  accumulation  of  dust  on 
the  specimen.  Tests  shall  then  be  conducted  as  specified  in  detail  specification 

4.15  Rejection .  -  Dimensional  changes,  (see  paragraph  4. 4. 1.2)  or  changes  in 
physical  or  chemical  characteristics  exceeding  the  limits  specified  in  detail 
specification,  or  the  leakage  of  current  to  ground  or  short  circuits  of  electrical 
components,  as  a  result  of  this  test,  shall  be  cause  for  rejection. 

4.16  Retests ,  -  Retests  shall  be  conducted  as  required  in  the  detail 
specification. 

5.  PREPARATION  FOR  DELIVERY 

Not  applicable. 

6.  NOTES 

6.1  The  tests  and  procedures  covered  in  this  specif ication  pertain  to 
automotive-type  vehicles  and  trailers  ana  the  components  part3  thereof. 

6.2  Test  apparatus  and  conditions  (4.6)  are  comparable  to  that  specified  for 
electrical  components  by  S.  A.  E. 

Patent  notice:  When  Government  drawings,  specifications,  or  other  data  are 
used  for  any  purpose  other  than  in  connection  with  a  definitely  related  Government  . 
procurement  operation,  the  United  States  Government  thereby  incurs  no  responsibility 
nor  any  obligation  whatsoever;  and  the  fact  that  the  Government  may  have  formulated, 
furnished,  or  in  any  way  supplied  the  said  drawings,  specifications,  or  other  data 
is  not  to  be  regarded  by  implication  or  otherwise  as  in  any  manner  licensing  the 
holder  or  any  other  person  or  corporation,  or  conveying  any  rights  or  permission  to 
manufacture,  use,  or  3ell  any  patented  invention  that  may  in  any  way  to  related 
thereto. 

Custodion 

Amy  -  Ordnance  Corps 
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APPENDIX  II 


SAE  Standard  J5’5 

Lighting  Equipment  far  Motor  Vehicles 


Ex  carp. t  from  19*62  SAE  Handbook 


This  specification  i*  a  report  of  Lighting  Division  approved  May  1942,  and  last 
revised  by  Lighting  Caisaittaa  April  I960.  Editorial  change,  June  1941.  Scope 
covers  19  varieties  of  headlamp  units,  passing  lamps,  special  identification 
lights,  etc. 


G.  DJST  TESt 

A  sample  unit  with  an  drain  hole  closed  shall  be  mounted  in  a  normal 
operating  pa«itl<ra,  at  least  6  Inches  from  th*  wall  in  a  box  measuring  3 
feet  in  all  directions,  containing  10  prunds  of  fine  powdered  cement  In 
accordance  with  ASTM  C  150-5^  Specification  for  Portland  Cement.  At  inter* 
vals  cf  15  minutes  this  dust  shall  be  agitated  by  compressed  elr  or  fen 
blcwar  by  projecting  blasts  of  sir  for  a  2  second  period  in  a  downward 
directlcn  into  the  dust  in  such  a  wey  that  the  dust  is  completely  and  uni¬ 
formly  diffused  throughout  t *  re  cube.  The  duet  is  then  allowed  to 

settle.  ?hls  test  shell  be  continued  for  5  hours. 

After  the  dust  test  the  exterior  surface  shall  be  cleaned;  and  if  the 
maximum  sandlapower  is  within  id  o!  the  maximum  aa  r capered  with  the  con¬ 
dition  after  the  unit  ia  clean* 1  Inside  and  cut,  snail  be  considered  ad¬ 
equately  dust  tight.  Where  sealed  units  sra  used,  the  dust  test  shall  not 
be  required. 
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STANDARD  SAE  J72c 
AIR  CLEANER  TEST  CODE 
Escsrpto  £r  o® 


1.0  SCOPF 


This  teat  code  ip  far  labcr&tory  use  in  determining  the  operating 
charactoriotico  of  air  cleaners.  It  reSsr^a  specifically  t©  laboratory 
tooting  of  oil  batls,  oil  rotted,  dry  and  oultiotage  air  cleaners.  Other 
typos  should  follow  thio  racciossndod  practice  wherever  applicable).  Multi- 
otogo  typoe  should  bo  evaluated  as  a  complete  asoarhly  although,  if  de¬ 
sired,  a  crop ©neat  stage  can  be  teoted  ooparately  in  accordance  with  ito 
individual  typo. 

Thi*  code  contains  alternate  prccedureo  and  pernito  preocribing 
certain  opecifi:  '  rnditiens  of  a  test.  Therefore  reported  reoulto  of 
teoto  Are  not  c;‘j*plete  unless  capon iftd  by  statements,  v/here  applicable, 
of  the  ape; tfi.r.  condition*  such  *»■  (1)  rated  air  flow,  (2)  prescribed 

air  fiow,  (3)  cte&ay  .x  variable  airflow,  (4)  fine  or  coarse  dust, 

(5)  ojsouct  cf  dust,  and  (()  rautl-aum  permissible  restriction. 

2.0  MATERIAL  AND  APPARATUS 


T?5t  c-11  for  oil  bath  types  ;haxl  be  :£  two  grades:  (a)  light, 

SAE  1C v  'b)  heavy,  SAE  20. 

Te*c  duet*  sti  ail  be  standardized  and  shall  be  af.  two  grades 
(labeled  "fine"  end  The  fr-llowiag  ohexi  :.al  analysis  is  typical: 


Cr.exi  ta  1 


-  <-  '3 
A 1  /  0  » 


Cad 

MgO 

Total  AiWa.il  e 
Ignition  Lose 


X  l  y  Weight 

*  ?  t  t  i 
3  t  '■ 

15  t  i? 

.  t  o  1 
0  5  t  o  1  5 
3  to  5 
1  t  ^  3 


*  Obtainable  from  AC  Division,  Oeneioi  Motors  Corporation,  Flint,  Michigan 


.  7 


The  particle  oize  distribution  by  weight  ao  measured  with  a  Rollor 
analyser  shall  be  as  fellows 


SisOr  Mlcr .r&s 


Fia*  u  r  *.  1 » 


Caerse  J?r&de 


o 

9 

v.n 

39 

5-10 

18 

10-23 

\  £ 

20-40 

18 

4G-80 

9 

80-200 

... 

+  2  12  +  2 

+3  12+3 

+3  14  +  3 

+3  23+3 

+3  30+3 

9  +  3 


The  du«t  feeding  s&cL&aI&'a  encuid  feed  the  desired  grade  of  duot 
at  a  steady  rate  t o  disperse  a  c:  ntiruoualy  an  i  fere  par  tide- oize  dio- 
tribarica  ia  the  nir  strewn  before  reaching  the  air  clenner.  The  particle 
oize  shell  •&  ,t  be  changed  by  the  dust  feeding  •»*  ;h* den. 


8.0  DETERMINATION  OF  EmCIETflC'i 


(b>  Tr*  duet  feed  rate  oh  .mid  be  calculated  using  the  duot 
c  on  rentrat :  - f  0,025  g  per  cu  ft  of  air  (1.5  g  per  hr  per  cfm)  . 
Either  i  i-.e  :  .erse  test  duet  uy  le  prescribed. 

9,0  DETERMT.-AdW  OF  DOS’”  CAMC 1U 

9.1  Steady  Alrf.ov  - 

'  ,  T '  t  dwfft  feed  rate  should  be  calculated  using  the 
dust  ;  :ik :  a '-"1  v:  cf  C  ,C.5  g  pec  u  ft  of  air  (1.5  g  par  hr  per  cfn)  . 
Eider  fire  r  ,  tru  !e«t  dust  tiA/  be  pr  lb  e  i 
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MIL-C-9436A  (ASG) 

5  MAY  1955 

Superseding 

mil-c-w.36("saf; 

l  February  US'.. 


MILITARY  SPECIFICATION 

CHAMBER,  SAND  AND  DUST  TESTING 

This  specification  has  been  approved  by  the  Dtpa rtmer.* 
of  the  Air  Force  and  by  the  Navy  Bureau  of  Aeronaut  ic.s. 


1.  SCOPE 


1.1  Scope.-  Thi3  specification  covers  sand  and  dust  chambers  to  c-  used  for 

environmental  testing  of  aircraft  equipment. 

1.2  Classification.-  The  environmental  test  chambers  shall  be  one  of  the  follow¬ 
ing  types  shown  in  table  I,  as  specified  (see  6.2): 

TABLE  I 

Test  compartment  sizes  (inches) 


Type 

Width 

Height 

Depth 

I 

36 

21* 

18 

11 

1*8 

1*8 

1*8 

2.  APPLICABLE  DOCUMENTS 

2.1  The  following  specifications  and  standards,  of  the  issue  in  effect  on  date  of 
invitation  for  bids,  form  a  part  of  this  specification  to  the  extent  specified  herein: 


SPECIFICATIONS 

Military 

MIL-B-5272 

MIL-P-116 

JAN-P-100 

JAN-P-lOl* 


Environmental  Testing,  Aeronautical  and  Associated 
Equipment,  General  Specification  for 
Preservation,  Methods  of 

Packaging  and  Packing  for  Overseas  Shipment  - 
General  Specification 

Packaging  and  Packing  for  Overseas  Shipment  - 
Crates,  Sheathed,  Wood,  Nailed 


STANDARDS 

MIL-STD-129  Marking  for  Shipment  and  Storage 

MIL-STD-130  Identification  Marking  of  U.  S.  Military  Property 

(Copies  of  specifications,  standards,  drawings,  and  publications  required  by  con¬ 
tractors  in  connection  with  specific  procurement  functions  should  be  obtained  from  the 
procuring  activity  or  as  directed  by  the  contracting  officer. 
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3.  RETIREMENTS 


3.1  Materials.-  The  materials,  component  parts,  and  chanical  assemblies,  used 
in  the  construction  of  this  chamber  shall  be  of  the  best  commercial  quality  consistent 
with  the  performance  requirements  of  this  specification.  Materials  which  will  resist 
erosion  and  insure  a  satisfactory  operating  life  will  be  used  for  the  ducting  and  fan 
blades.  All  protective  features  normally  incorporated  in  electrical  and  mechanical 
apparatus  of  this  type  shall  conform  to  the  standards  of  the  National  Electric  Manufac¬ 
turers  Association  and  the  best  practice  in  industry. 

3.2  Design  and  construction.- 

3.2.1  General.-  This  sand  and  dust  testing  facility  shall  be  a  self-contained 
unit  capable  of  establishing,  maintaining,  and  withstanding  the  environmental  conditions 
specified  under  paragraph  titled  "Sand  and  dust  tests,"  of  Specification  MIL-E-5272.  The 
facility  shall  consist  primarily  of  a  dusttight  chamber  with  a  blower  and  necessary  duct¬ 
ing  installed  to  produce  the  conditions  specified.  A  desiccant  may  be  used  for  control¬ 
ling  the  relative  humidity.  The  facility  shall  be  well  lighted  and,  if  necessary,  a 
vibrator  shall  be  installed  on  the  dust  hoppers  to  assure  proper  dust  flow.  The  door 
shall  include  a  large  glass  panel  with  an  effective  means,  such  as  a  wiper,  for  keeping 
the  glass  clear  for  visual  inspection  of  the  test  specimen.  Sufficient  heaters  to 
maintain  the  test  chamber  at  |60®F  (71*C)  shall  be  provided. 

3.2.2  The  facility  shall  be  designed  to  meet  the  performance  requirements  outlined 
in  3.3. 

3.2.3  Figures  1  and  2  are  for  reference  only  and  in  no  way  limit  or  restrict  the 
freedom  of  the  contractor  in  designing  a  facility  to  meet  the  requirements  specified 
herein.  The  facility  shall,  however,  generally  conform  to  figures  1  and  2  and  provide, 
by  some  approved  means,  all  the  features  indicated  thereon. 

3.2.li  Chamber.-  The  chamber  shall  consist  of  a  dusttight  cabinet,  with  the  floor 
designed  to  permit  the  dust  to  fall  into  the  hoppers  for  recirculation  and  capable  of 
supporting  100  pounds  per  square  foot.  The  door  shall  provide  full  front  area  clearance 
and  shall  close  tightly,  in  order  to  prevent  the  escape  of  dust  from  the  chamber.  The 
door  shall  include  a  glass  panel  and  shall  be  of  sufficient  size  as  to  expose  the 
complete  interior  of  the  facility.  The  chamber  shall  be  adequately  lighted. 

3.2.5  Controls.-  The  facility  shall  be  automatically  time- cycle-controlled  to 
accomplish  the  exposure  and  shutdown  required  in: 

Procedure  I,  under  paragraph  titled  "Sand  and  dust  tests,"  of 
Specification  MIL-E-5272 

Procedure  II,  under  paragraph  titled  "Sand  and  dust  tests,"  of 
Specification  MIL-E-5272 

Manual  choice  of  either  Procedure  I  or  II  shall  be  possible  by  means  of  a  single  switch 
or.  the  control  panel.  Convenient  manual  setting  of  the  cycling  control  to  "start"  shall 
be  possible.  The  thermostat  control  shall  be  located  for  convenient  manual  adjustment. 
Specification  MIL-E-5272  temperature  requirement  for  77 “F  (25*C)  shall  mean  room- 
temperature  operation  between  77°F  (25*C)  and  8?.6*F  (32"C),  and  the  159. 8*F  (71 “C) 
requirement  shall  have  a  tL’F  (±2®C)  tolerance. 

3.2.6  Blowers  and  ducting.-  A  blower  and  ducting  shall  be  provided  to  circulate 
the  dust  throughout  the  test  chamber  with  the  velocity  and  concentration  as  outlined  in 
paragraph  titled  "Sand  and  dust  tests,"  of  Specification  MIL-E-5272. 

3.2. 6.1  Auxiliary  blowers  or  fans  shall  be  provided  to  generate  velocities  of 
2,300  ±500  ft/min  through  a  minimum  area  of  1  square  foot  in  the  test  space. 
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3.2.7  Terminal  board.-  An  electrical  terminal  board  shall  be  provided  on  the 
control  panel,  with  connections  being  of  the  "Jack- plug"  typos  and  electrically  con¬ 
nected  to  an  exposed  terminal  strip  inside  the  chamber  through  a  dustproof  penetration. 
The  following  electrical  power  connections  shall  be  provided: 

U  -  150  amp.  Jack  and  plug  terminals 

L  -  75  amp,  Jack  and  plug  terminals 

It  -  uO  amp,  Jack  and  plug  terminals 

L  -  10  anp,  Jack  and  plug  terminals 

Studs  may  be  used  through  the  chamber  walls,  provided  they  are  wired  to  jacks  located  cn 
a. panel  mounted  on  the  facility.  Jacks  and  plugs  shall  be  similar  to  and  interchangeable 
with  existing  laboratory  equipment  and  must  be  approved  by  the  procuring  activity. 

3.2.8  A  2-inch  diameter  opening  shall  be  provided  at  one  side  of  the  chamber  to 
acconmodate  rotating  shaft  drives  for  test  equipment.  The  opening  shall  be  provided  with 
a  cover  plate  for  proper  sealing  when  the  opening  is  not  utilized. 

3.2.9  Two  threaded  plugs  in  the  back  or  sides  of  the  facility* shall  be  provided  to 
acconmodate  electrical  cables.  The  plugs  shall  be  dustproof  and  shall  be  of  1-1/2  and 
2-inch  size  (internal  diameter). 

3.2.10  Instruments.-  Temperature- indicating  instruments  shall  be  provided  to  show 
the  temperature  of  the  chamber. 

3.3  Performance.-  The  facility  shall  be  capable  of  establishing,  maintaining,  and 
withstanding  all  environmental  conditions  specified  under  paragraph  titled  "Sand  and  dust 
tests,"  of  Specification  MIL-E-5272.  . 

3.U  Identification  of  product.-  Equipment,  assemblies,  and  parts  shall  be  marked 
for  identification  in  accordance  with  Standard  MIL-STD-130. 

3.5  Workmanship.-  All  details  of  workmanship  shall  be  in  accdrdance  with  best 
commer  ial  practice  consistent  with  the  performance  requirements  of  this  specification. 


h.  QUALITY  ASSURANCE  PROVISIONS 

U.l  Inspection.-  Each  chamber  shall  be  inspected  to  determine  compliance  with  the 
requirements  of  this  specification. 

U.2  All  parts,  specimens,  or  assemblies  destroyed  in  making  tests  required  by  tnis 
specification  or  drawings,  to  determine  compliance  with  the  specification  or  drawings, 
shall  be  in  addition  to  the  quantity  specified  in  the  contract  or  purchase  order  and 
shall  be  furnished  without  increasing  the  cost  of  the  contract  or  order. 


5.  PREPARATION  FOR  DELIVERY 

5.1  Application.-  The  requirements  of  Section  5  apply  only  to  direct  purchase  by 
or  direct  shipments  to  the  Government. 

5.2  Preservation  and  packaging.-  The  chamber  shall  be  protected  from  corrosion 
and  deterioration  during  shipment  or  storage  in  accordance  with  Specification  MIL-P-116,, 
Method  11a. 


5.3  Cushioning,  blocking,  and  bracing.-  Cushioning,  blocking,  and  bracing  shall 
be  in  accordance  with  the  applicable  paragraphs  of  Specification  JAN- P-100. 
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5.1*  Domestic  and  overseas  shipment.-  Chambers  shall  be  packed  in  a  container  con¬ 
forming  to  Specification  JAN-P-lo!*.  Requirements  on  seal  case  liner  are  waived. 

5.5  Marking  of  shipments.-  Interior  packages  and  exterior  shipping  containers 
shall  be  marked  in  accordance  with  Standard  MIL-STD-129.  The  nomenclature  shall  be  as 
follows:  Chamber,  Sand  and  Dust  Testing,  Type  (I  or  II,  as  applicable)  Specification 
MIL-C-9U36A,  Manufacturer's  Part  No.  »  ,  Stock  No.  »  ,  (Federal,  USAF,  or  Navy, 

as  applicable). 

*  Applicable  data  to  be  entered  by  the  contractor. 

If  the  Federal  Stock  No.  is  available  (either  stated  in  the 
purchase  order  or  furnished  by  the  procuring  activity),  omit 
the  USAF  or  Navy  Stock  No.  If  the  Federal  Stock  No.  is  not 
available,  insert  the  USAF  or  Navy  Stock  No.,  and  leave  a 
space  for  subsequent  placement  of  the  Federal  Stock  No. 


6.  NOTES 

6.1  Intended  use.-  The  chambers  covered  by  this  specification  are  intended  for 
use  in  accomplishing  sand  and  dust  tests  in  accordance  with  Specification  MIL-E-5272. 

6.2  Ordering  data.-  Requisitions,  contracts,  anu  purchase  orders  should  specify 
the  following: 

(a)  Title,  number,  and  date  of  this  specification, 

(b'  Type  of  chamber  required.  (See  1.2.) 

6.3  Instruction  manual,-  An  instruction  manual  shall  be  furnished  which  provides 
the  following  information: 

Operating  instructions 

Maintenance  instructions 

Assembly  and  disassembly  procedure 

List  and  description  of  all  replaceable  parts 

Detailed  assembly  d -awing 


PATENT  NOTICE:  When  Government  drawings,  specifications,  or 
other  data  are  used  for  any  purpose  other  than  in  connection 
with  a  definitely  related  Government  procurement  operation, 
the  United  States  Government  thereby  incurs  no  responsibility 
nor  any  obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
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MIL- E- 5272a 
16  September  1952 


ENriROtWITAL  TESTING1  f  AERONAUTICAL  AND  ASSOCIATED 
EQUIPMENT,  GENERAL  SPECIFICATION  POP 


Exctrpt  from 


4.11  Sand  and  Punt  iQsta.- 

4,11.1  Procedure  I.°  The  equipment  shall  be  placod  within  the  teoh 
chesnbsr  and  the  Band  and  dust  density  raised  and  maintained  at  0.1  to  0.5 
grans  per  cubic  foot  within  the  test  apace.  Tho  relative  humidity  shall 
not  CKceod  30  percent  at  any  time  during  the  toot.  Sand  and  dust  used  in 
the  test  shall  be  of  angular  structure  and  shall  have  charactoriotico  go 
follows? 

(a)  100  pere&nt  of  the  sand  and  dust  shall  poos  through  a  100- 
naesh  screen,  U  S  Standard  Sieve  Series. 

(b)  98  +2  percent  of  the  sand  and  dust  shall  paoo  through  a  140- 
meoh  screen,  U  S  Standard  Sieve  Series. 

(c.)  90  +2  percent  of  the  sand  and  duet  shell  pass  through  a  200- 

E&oh  screen  U  S  Standard  Sieve  Series. 

(d)  75  +2  percent  of  the  sand  and  dust  shall  pace  through  a  325- 
neeh  screen,  U  S  Standard  Sieve  Series. 

(e)  Chemical  analysis  of  tho  dust  shall  be  as  follows: 
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Tho  intornal  temperature  of  the  teat  chaster  chall  be  maintained  at  25°C 
(77°F)  for  a  period  of  *  houro  with  oand  and  duot  velocity  through  the  toot 
choiibor  betwoen  200  +100  foot  par  ninute,  (2,300  +500  feet  per  ninute  If 
specified  by  the  detail  specification;.  After  (  houro  at  above  condi tiouo , 
tho  temperature  ohall  be  raised  rc  and  maintained  at  713C  (1^0°?).  Theoe 
conditions  ohall  be  maintained  for  6  hours.  At  the  end  of  tnie  teot  period, 
the  equipment  shall  be.  rec&aved  and  allowed  to  cool  to  rc<ra  temperature  and 
shall  be  operated  and  ths  result &  crnpared  t.;  tccsa  obtained  in  paragraph 
3„6  and  osnaained  la  act  or  dance  with  paragraph  3  7 

4.11.2  Procedure  II.-  Thio  teot  shall  be  the  same  ao  Procedure  1 
except  that  tha  t&st  it  11 2C  akalr  be  j£  8  hours  duration,  and  the  tost  at 
?lcC  fflkall  to  deleted. 
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E¥VIR01T*ffil^A'L  TESIHte,  AEROMDTI  CAL  AND  ASSOCIATED 
EQUIPMENT,  GENERAL  SPECIFICATION  FOE 

Exrerptfl  frcia 


4.11  SAND  AND  DJ3I  TESTS 

4.11.1  Procedure  I„-  The  equipment  shall  be  pieced  within  the  toot 
chamber  end  the  send  end  dust  denoity  reloed  end  maintained  at  0.1  to  0.5 
groin  por  cubic  foot  within  thu  tost  opaco.  Th©  relative  humidity  shall 
not  exceed  30  percent  ot  any  tica  during  the  tost.  Sand  and  duot  uoed  in 
the  test  shall  be  of  angular  structure  and  shall  bav®  char ac tor iotico  ao 
to 1 low©? 


(a)  100  percent  of  the  sand  and  dust  shall  paao  through  a  100- 

csesh  screen,  U  S  Stuo.dLird  Sieve  Series. 

(b')  98  +2  f€-  ft,at  the  sand  and  dust  shall  paao  through  a  140 

esaoh  screen,  U  S  Standard  Slave  Set  lea. 

{ l)  9C  +L  percent  at  tee  *  ted  and  duct  shall  pass  through  a  200 
mah  screen  U  S  Standard  Sieve  Serie*. 

(d)  /5  +2  percent  ;f  tbs  sand  and  dust  shall  pass  through  a  325 

msoh  ocrean,  U  S  Standard  Slave  Series. 

/el  Chemical  analysis  ot  the  duet  shall  be  as  follows: 
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Tbs  <atornal  teop&iature  of  the  toot  choidber  shall  be  caintaiacd  at  25®C 
(77°F)  for  a  period  of  6  hours  with  oand  Qnd  dust  velocity  through  tho 
toot  chadbor  botwoon  100  to  500  foot  per  oinute  (2.300  +500  foot  per  nin- 
uto  if  specified  by  tha  detail  opacification).  After  6  hours  ot  abovo  c©n» 
ditiono,  the  tesoporature  shall  be  raioed  to  and  oaintainod  at  71°C  (160°P, 
200®T?  for  any  CAD  iters).  These  conditions  shall  ba  snaintained  for  6  houro. 
At  tho  end  of  thio  test  parted,,  the  e^uip-joant  shall  bo  recovod  and  allcwod 
to  cool  to  roota  tOEparatur q  And  shell  be  operated  .^nd  tho  rooulto  conporod 
to  those  obtained  in  3»&  find  tsaninad  in  accordance  with  3.7. 

4.11.2  Procedure  II.-  Thia  toot  shall  bo  tho  ogeso  ao  Procoduro  I 
oncapt  that  tha  test  at  25*°C  shall  bs  of  8  houro  duration,  and  the  toot  at 
71°C  ohall  be  doletad 
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MiL-i-5r72c:Ase> 

13  April  1953 

Superseding  MIL-E-005272B?USAF) 

ENVIRONMENTAL  TESTING,  AERONAUT I CAL  AND  ASSOCIATED 
EQUIPMENT,  GENERAL  SPECIFICATION  FOR 


Excerpts  from 


4.11  Sand  and  amt  testa. - 

4.11.1  Prccadure  I.-  The  equipment  •hall  b«  placed  In  a  test 
chaabar  aqual  ta  MXL-C-343b  and  the  sand  and  dust  density  raised  and 
Maintained  at  0.1  to  0.5  great  per  tub l;  foot  within  the  test  space 
The  test  chaaber  shall  be  vented  to  the  atmosphere.  The  relative 
humidity  *>*11  not  exr#<ed  3?  percent  at  any  time  during  the  test. 

Sand  and  dust  used  in  the  test  shell  te  cf  angular  structure  and 
shall  have  character  is  tits  a*  follows:  aa  Appendix  V) . 

Part  I:  The  internal  temperature  cf  the  test  chanter  shall  be  aelntalned 
at  25=’C  (77®P)  for  a  parted  of  6  h:ure  with  sand  and  dust  velocity  through 
the  teat  chaabar  between  ICC  and  500  feet  per  minute,  (2.500  +  500  feet 
per  minute  If  a?  requite!  by  the  applicable  equipment  specif l ration)  . 

Pert  II:  After  6  hoar*  at  The  above  conditions,  tne  temperature  shall 
be  raised  to  and  maintained  at  7i?C  (liOcF) .  Tneae  conditions  shall  be 
maintained  for  t  k-ui«.  Ac  the  end  *  t  this  exposure  period,  the  equip¬ 
ment  shall  be  removed  and  allowed  to  cod  to  r:  on  temperature.  Accumu¬ 
lated  duet  shall  be  resawed  by  brushing,  wiping,  or  shaking,  cara  balng 
taken  to  avoid  Introduction  of  additional  dust  into  tha  equipment. 

Under  no  circumstances  shall  dust  b«  its  ved  tv  either  blast  or  vacuum 
cleaning.  The  equipment  shell  be  operated  end  inspected  as  directad  in 
3.8. 

4.11.2  Pracsdurt  II.-  Die oentinoed.  use  Pr  redure  I,  Part  I, 

4.11.1. 

4.11.3  Procedure  HI.-  The  general  procedure  and  the  sand  and 
dust  uead  shall  be  the  same  as  Procedure  2,  but  the  dust  concentration 
shell  be  Q.l  to  0.25  gresu  per  cubls  fsot,  the  temperature  shall  be 
25°C  (77°F)  ,  the  eir  velocity  shall  le  o  500  +  500  feet  per  minute  and 
the  duration  of  tha  teat  shall  be  3  hours. 


5.4.3  Sand  and  duot.-  Tho  oand  and  duot  opGciftGd  for  uog  in 
Procodureo  I  and  III  lo  commercially  known  ao  "140~naoh  oilica  flour". 
Sand  and  duot  (140-tc2oh  oilica  flour)  produced  by  tho  Ponton  Foundry 
Supply  Company,  Dayton,  Ohio,  and  Ottawa  Silica  Company,  Ottawa, 
Illinoio,  or  equal,  io  oatio factory  for  ucc  in  the  performance  of 
theca  tea  to. 
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Wr~-STD-0  'i3  'USAP  f 
KE1TC0E  5*0 
14  Juna  1962 
SAND  AND  DOS! 


Ea  cv<  p  re  frrx 


1.  PURPOSE 

The  sand  and  duet  t»*c  is  senductad  ta  determine  the  resistance  of 
aerospace  And  ground  equipment  to  bloving  fin*  «tnd  And  dust  particlss. 
Bacausa  of  its  abraelve  character,  sand  Aid  oust  nay  sffset  items  having 
moving  part*  where  sand  may  eater.  It  mav  alto  causa  the  parts  to  bind, 
and  may  interfere  with  electrical  ce&tacte.  Dust  panicle*  may  also  fora 
nuclei  for  condensation  of  moisture,  tnu*  aiding  la  corrosion.  Equipment 
may  malfunction  due  t:  clogging  cf  air  filters 

2.  CAaP-ACTORISTICS  Of  SAND  AND  DCS! 

Sand  and  duet  u**d  in  the  teat  shall  be  of  angular  structure  and 
•hall  have  char aottrietics  t«  f:;icv*.j 

(a)  10?  pec  rent  of  the  tend  and  due:  ehall  pee*  threugh  a  100- 
»e*h  screen,  0-5.  Standard  Sieve  Series. 

(b)  9d  +  2  percent  jrf  the  sand  end  Jv*'  stall  pets  thro  ugh  a 
140-mesh  eoreaa,  OS.  Standard  Sl>v»  Seri**, 

(c)  ’*0+1  percent  cf  the  sand  end  duet  •tali  paee  through  a 

i  i  h  «  r  ter*,  O’.S.  Standard  Slave  Series. 

(d)  75  +  2  per-.ent  oi  tie  send  and  d-tt  ehan  pass  through  a  325- 
mesh  screen,  US.  Standard  Sieve  Sarlte. 

(a)  Chemical  analyelt  . i  the  ccel  she.*  U  at  foliswe: 

Suhataa-ct 

SlO? 

PerOi 
AliOj 
Ti02 
NgO 

!!gn  Losses 
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The  oand  and  duet  to  commercially  known  as  "140-GCsh  silica  flour.” 

Sand  and  duot  (140-cooh  ollica  flour)  produced  by  the  Fenton  Foundry 
Supply  Company,  Dayton,  Ohio,  and  Ottawa  Silica  Company,  Ottawa, 

Illinois,  or  equal,,  le  satisfactory  for  use  in  the  performance  of 
these  too  to. 

3.  PROCEDURE 

Ptc caduie  1  The  toot  item  shill  be  pieced  in  a  teat  chamber  equal 
to  that  specified  in  MIL-C- Hit ,  in  at: 2: dince  with  section  3.2.2.  The 
oand  and  duat  donaity  ohall  bo  raised /s*d  maintained  at  0.1  to  0.25  gram 
per  cubic  fcot  aa  measured  at  leant  three  different  locations  withing 
the  teat  area  utilising  approved  collection  devices.  The  relative 
humidity  ohall  not  exceed  30  percent  at  any  tina  during  the  test.  The 
internal  temperature  of  the  test  chaster  snail  be  calntalned  at  ?5°C 
(77®P)  for  a  period  of  net  less  then  2  hours  with  the  air  velocity 
through  ti\a  test  chamber  at  ICC  to  500  fast  per  minute.  Following 
this  2  hour  period  the  tejoperature  shall  be  raised  to  and  maintained 
at  71°C  (lfO^T).  Those  conditions  shall  be  maintained  for  not  leoo 
than  2  hours.  At  the  ond  of  this  exposure  period,  the  root  item  shall 
bo  ronoved  from  the  test  chamber  and  allowed  to  cool  to  room  temperature. 
Accumulated  dust  shall  be  removed  from  tht  t*$t  item  by  brushing,  wiping, 
or  shaking,  care  b*ing  taken  t3  ^v^id  intr 'duction  of  additional  dust 
into  the  ttot  Under  nc  ctr  rua&a  rentes  snail  dust  be  removed  by 

either  air  biaet  or  va.uua  cleaning.  The  test  item  shall  then  be 
operated r  the  i  eaulte  .epared  with  th.se  obtained  in  accordance  with 
section  3.2.1,  ond  inspected  In  occordan  e  with  section  3.2.4.  In 
the  per  f  n  can^e  of  tclo  inspection,  test  lteraa  •  ontaining  bearings, 
grease  seals,  iubxl.anta,  etc,,  shall  be  carefully  examined  for  the 
preaen'e  of  send  and  due*  d^pceite , 
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